A scaling law recently proposed by Dzugutov for liquid seems to be universal for equilibrium condensed atomic systems, both liquid and solid, regardless of the structure, interatomic interaction potentials involved. Here we present evidence for a scaling relation between the diffusion coefficient and the thermodynamic excess entropy in liquids and solids on the basis of a hardsphere description.
INTRODUCTION
A scaling law recently proposed by Dzugutov /l/ for atomic diffusion in condensed matter, supported by the evidence from simulation, has been examined by Yokoyama 12,31 using, first, experimental data of the self-diffusion coefficient and the structure, and, second, calculated values of the self-diffusion coefficient in the hard-sphere fluid. From these studies, it turned out that Dzugutov's scaling law holds very well for 17 simple liquid metals near the melting point 111 and also holds very well for the hard-sphere fluid over a wide range of thermodynamic states /3/ if the excess entropy is used in place of the pair correlation entropy in his proposed formula. Up to now, the examinations have been confined to liquid states having excess entropies ranging from about -2.0 to about -4.5 in Nk B units. However, recently we became aware of the paper by Speedy /4/ on pressure and entropy of hard-sphere crystals. It is therefore of interest to explore whether the excess entropy scaling can be extended up to the solid states.
The purpose of the present communication is to test if Dzugutov's scaling law holds for the hard-sphere crystal in the density range where the crystal is stable.
RESULTS AND DISCUSSION
The density used in the hard-sphere crystal is expressed relative to close packing, namely,
where σ is a diameter of the hard sphere, V is the volume and Ν is the number of spheres. The entropy of the fee and hep crystals relative to the entropy of an ideal gas at the same volume and temperature is given by
where the values of the parameters of a, b and c, and the value of the constant S 0 are listed in range 0.725 < ζ < 0.950, together with those of the excess entropy of liquid, S E /W£ B . As mentioned in Ref.
/3/, the excess entropy of liquid, S E ', is given by
where S pack is the excess entropy due to the finite packing of the hard-spheres and S s is an entropy con- Table 2 shows the values of dimensionless diffusion coefficients calculated from the following formulae:
(D e *) c = 0.049exp(S E C /M B ),
and
Equation (8) 
where S is the thermodynamic entropy for a system of Ν 
where we use the symbol S E as the excess entropy, instead of S -S ig . W is the abbreviation of W(/V, V,E) for the condensed atomic system, and stands for the number of quantum states accessible to the system with "restraint" such as the formation of cage in liquids or the formation of lattice in crystals, while W ig is the abbreviation of V<J(N,V,E) for the ideal gas system, and stands for the number of quantum states accessible to the system without "restraint". Since atomic diffusion is nothing but exploration of particles in the configurational space, W/W ig , i.e., exp (S E /£ B ) should be proportional to the diffusion coefficient expressed in the dimensionless form. For the purpose of reduction of the diffusion coefficient, Dzugutov employed σ and Γ Ε~ι as natural units of length and time. This allows one to establish a connection between the diffusion and the entropy.
CONCLUSION
Dzugutov's conclusion that the rate of exploration of the configurational space, which defines the diffusion rate, is entirely controlled by the entropy is valid in condensed atomic systems, both liquid and solid. We believe that this is convincingly shown in Fig. 2 on the basis of a hard-sphere description.
